The complete blood count (CBC) is the most common examination used to monitor overall health in clinical practice. Whether there is a relationship between CBC indexes and alanine transaminase (ALT) and aspartate aminotransferase (AST) has been unclear.
Background
The complete blood count, also referred to as routine blood test and full blood count, is the most common and available test in medical practice. It can provide 16-18 indexes, including white blood cell (WBC), red blood cell (RBC), and platelet (PLT) counts, which can be used to diagnose anemia, blood loss, thrombocytopenia, acute and chronic infections, abnormalities in blood cells, allergies, leucocythemia, and other blood-related problems [1] [2] [3] . Therefore, CBC has been widely used to monitor overall health and diagnose some medical conditions. Alanine transaminase (ALT), also known as glutamic-pyruvic transaminase, and aspartate aminotransferase (AST), also known as glutamic oxaloacetic transaminase, are important transaminase enzymes in amino acid metabolism. They are the most sensitive and widely used liver enzymes to indicate liver damage, such as that due to viral hepatitis, alcoholic fatty liver disease, and primary liver cancer [4] [5] [6] . Moreover, they are key enzymes in the liver [7] and are related to carbohydrate intake and the metabolic process that converts food into energy.
Although ALT, AST, and CBC are widely used in medical practice, they are performed in different ways: ALT and AST are measured in serum, while CBC should be measured in whole blood. Therefore, 2 different blood samples are needed and are detected in different ways to obtain blood levels of ALT, AST, and CBC indexes, which is inconvenient for people undergoing a clinical examination. The concentration values of ALT and AST in plasma can be estimated by body mass index (BMI) and triglyceride, cholesterol, high-density lipoprotein, and glucose levels by using an artificial intelligence algorithm [8] . Whether ALT and AST are correlated with CBC indexes remains unknown. If the serum levels of ALT and AST could be predicted by CBC directly, it would have important clinical significance.
Currently, machine learning methods, such as support vector machines, radial basis function neural network, and extreme learning machine, are widely used in medical fields [9] [10] [11] . BP-ANN is a classical artificial neural network, and is a computational model inspired by the nervous system of the brain. It has been used to diagnose diseases, predict and quantify the synergism of drugs, and to predict the outcome of treatments [12] [13] [14] . Because BP-ANN has received increasing attention, we introduced it into this study. We recruited normal-weight and overweight Chinese subjects to investigate the relationship of ALT and AST with CBC, and developed a BP-ANN prediction model.
Material and Methods

Subjects
The study and the procedure for enrollment were approved by the Ethics Committee of the First Affiliated Hospital of College of Medicine, Zhejiang University and the First Affiliated Hospital of Wenzhou Medical University. Subjects who were enrolled in this study provided signed written consent. These procedures for informed consent and enrollment were in accordance with the detailed regulations regarding informed consent described in the guidelines. All methods of this study were conducted in accordance with the Declaration of Helsinki.
Participants were excluded if they had any history of serious liver and kidney disease, cardiovascular disease, chronic metabolic disorders, or blood system diseases, such as all kinds of viral hepatitis and nephritis, cirrhosis, type 2 diabetes, anemia, polycythemia, and thrombocytopenia.
We collected fasting blood samples in the morning at the physical examination centers of the hospitals. Height and weight were measured to calculate BMI (weight [kg]/height [m 2 ]). We placed 3-4-mL blood samples into the separation gel coagulation promoting tubes, and the serum samples were separated for ALT and AST tests. Another 2 mL of venous blood was collected into heparinized tubes for determination of CBC. ALT and AST were detected using a Beckman-Coulter AU5800 autobiochemical analyzer, and CBC testing was performed using a BC-5500 automatic blood cell analyzer.
Statistical analysis
According to BMI, the subjects were divided into a normalweight group (18.5-23.9 kg/m 2 ) and an overweight group (24.0-27.9 kg/m 2 ). Before data analysis, one-sample KolmogorovSmirnov test and homogeneity test of variances were used to analyze the distribution of the data of ALT, AST, and blood indexes in the 2 groups. Then, one-way ANOVA was used for normally distributed data, and the homogeneity test of variances or non-parametric test was used to compare the means. The relationships of ALT and AST with blood indexes were analyzed by bivariate correlations. The Pearson or Spearman correlation analysis was used for data with or without a normal distribution, respectively. The possible correlations between the CBC indexes were analyzed by colinearity diagnostics, which performed regression-linear analysis by the selected "enter" method. After that, the regression models were generated by multiple linear regression (MLR) analysis.
Development of BP-ANN model
To achieve a better effect than that of MLR, the BP-ANN model was developed. Firstly, all input data were normalized and 3002 divided as a training set and a testing set by 10-fold cross validation. Then, a BP-ANN model was developed. The flowchart of developed BP-ANN model was showed in Figure1. For example, when developing ALT prediction model, the correlated CBC indexes were used as the input layer of BP-ANN, the out layer was ALT, and the hidden layer (m) was calculated according to the formula m=Ön+l+a [15] . In this study, n was the number of CBC indexes selected in the input layer, l was 1, and a was 10. The transfer function "tansig" was used as the parameter of hidden layer nodes, and "purelin" was used as the parameter of output layer node. To prevent overfitting, the bayesian regularization algorithm was used to improve the network performance. When setting all the properties of BP-ANN, the ALT prediction model was performed in Matlab R2011a. The goodness of fit of the BP-ANN model was judged by mean square error, magnitude of gradient, and the correlation coefficient. Table 1 .
Correlations between ALT and AST and blood indexes
According to the Shapiro-Wilk test, ALT and AST were both nonnormally distributed (P<0.01) in normal-weight and overweight subjects. The correlations of ALT and AST with blood indexes are shown in Tables 2 and 3 , respectively. The Spearman correlation analysis revealed that the correlation of ALT with CBC indexes was almost unchanged in normal-weight and overweight groups. ALT was related to white blood cell count, absolute value of monocytes, hematocrit, and hemoglobin in the male normal-weight group, while ALT was related to red blood cell count, hematocrit, hemoglobin in the female group. In the overweight group, ALT was related to absolute value of monocytes, red blood cell count, hematocrit, and hemoglobin in the male overweight group, and related to red blood cell count, hematocrit, hemoglobin in the female overweight group. AST was different from ALT; there was only 1 index related with AST in the male normal-weight, female normal-weight, and male overweight groups (Tables 2, 3 ).
Colinearity diagnostics
The correlations analysis indicated that ALT was suitable to develop a regression model in normal-weight and overweight groups. Therefore, further colinearity diagnostics analysis was conducted. The results showed that the tolerance of most of CBC indexes in normal-weight and overweight subjects were lower than 0.1, the multiple dimension eigenvalue was near to "0", and condition index was more than "10". Therefore, there was colinearity between these CBC indexes when ALT was selected as the dependent variable.
Regression model of ALT
Because there was colinearity between CBC indexes, it was necessary to develop a regression model in selection of independent variables. To prevent the abnormal solution caused by the multi-colinearity, multiple linear regression (MLR) analysis was conducted by stepwise method.
The results showed only 4 variables -hemoglobin, the percentage of monocytes, hematocrit, and red blood cell countwere involved in MLR models. 
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regression models were all between 0 and 4, which indicated the 2 item sets were independent of each other ( Table 4 ).
The beta values indicated these 4 independent variables have strongest contribution to ALT, and had no colinearity between each other (Table 5) .
BP-ANN prediction model of ALT
The BP-ANN process is shown in Figure 2 . The CBC data of normal-weight and overweight people were input into the layer, and ALT was set as the out layer. After training 1000 epochs, the ALT BP-ANN models performed well both in normal-weight and overweight people. The values of MSE, MOG, and correlation coefficient are shown in Table 6 . Compared with MLR, BP-ANN had a higher regressions coefficient.
To compare and contrast, we also developed the BP-ANN model of AST with the same BP-ANN architecture as ALT. The results showed that the BP-ANN model of AST had a lower regressions coefficient than the ALT model after training for 1000 epochs (Table 6 ).
Discussion
ALT and AST are both common indexes used as indicators of liver function in physical examinations and clinical practice. Moreover, they are key enzymes in the liver related to carbohydrate intake and are important in the metabolic processes that convert food into energy [16, 17] . They are also the enzymes that are correlated most strongly with liver fat accumulation and are measured routinely in screening assays for the detection of nonalcoholic fatty liver disease in the general population [18] . Thus, developing ALT and AST prediction models will be useful for the detection of early liver impairment in overweight people when they have CBC performed.
Here, we first analyzed the relationships of ALT and AST with indexes of CBC in Chinese subjects. According to the correlation analyses of AST and ALT with CBC indexes in normal-weight and overweight subjects, ALT showed higher correlations with certain indexes of CBC than did AST. For example, ALT was related to white blood cell count, absolute value of monocytes, hematocrit, and hemoglobin in the male normal-weight group, and was related to red blood cell count, hematocrit, and hemoglobin in the female normal-weight group. There was only 1 index related with AST in the male normal-weight and female normal-weight group. Therefore, ALT was a suitable index for developing a regression model.
The further colinearity diagnostics showed that there was colinearity between these CBC indexes. To prevent the abnormal solution caused by the multi-colinearity, we chose the "stepwise" method to develop a regression model. In theory, the colinearity will not decrease the prediction accuracy or the utility of a regression model. Therefore, the MLR analysis was of practical meaning and of reference value. However, MLR analysis was not as smart as the artificial intelligence algorithm. We also evaluated the variable importance in the projection (VIP) in the ALT regression model by partial least squares analysis. The result showed the most important variables (VIP >1) were mean corpuscular hemoglobin concentration, platelets, and hemoglobin. For more detailed VIP information, please refer to the Supplementary Files. BP-ANN is a type of artificial neural network, which can perform machine learning and pattern recognition. It has been used widely in the medical area. Back-propagation is a kind of artificial intelligence algorithm that calculates the gradient of a loss function with respect to all the weights in the network [19] . The prediction accuracy of BP-ANN is influenced by not only the developing parameters of the model, but also the relationship of input variable and output variable. In most situations, more relevant input variables are selected as the input layer, resulting in high prediction accuracy [20] . However, use of too many variables in the model will result in overfitting, so we used the bayesian regularization algorithm to improve the network performance. Table 6 . Fitness index of the BP-ANN model for ALT and AST performed in normal-weight and overweight people.
In this study, BP-ANN models of ALT and AST both performed well in normal-weight and overweight subjects. After training 1000 epochs, the ALT BP-ANN models performed well both in normal-weight and overweight people. The regression coefficients of ALT BP-ANN models were higher than in MLR analysis, and the AST model also reached better regression coefficients. Thus, the BP-ANN models were more effective and accurate than MLR in predictions of ALT in normal -weight and overweight subjects.
Conclusions
Our investigation indicated that ALT was related to white blood cell count, absolute value of monocytes, hematocrit, and hemoglobin in the male normal-weight group, and was related to red blood cell count, hematocrit, and hemoglobin in the female group. In the overweight group, ALT was related to absolute value of monocytes, red blood cell count, hematocrit, and hemoglobin in the male overweight group, and was related to red blood cell count, hematocrit, and hemoglobin in the female overweight group. There was only 1 index related with AST in the male normal-weight group, the female normal-weight group, and the male overweight group. ALT was a more suitable index than AST for developing the regression model. ALT can be predicted by relevant indexes in normalweight and overweight individuals based on a BP-ANN model, which was better than MLR analysis.
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